ABSTRACT I studied the diurnal and ontological patterns of feeding by European corn borer adults, Ostrinia nubilalis (Hü bner), and characterized the effect of feeding on adult mortality in the laboratory. Adults were provided a sucrose diet and water ad libitum, and were observed at periodic intervals to estimate the proportion feeding on sucrose or water. Dead adults were counted daily to estimate mortality. Adults preferred to feed on the sucrose diet during the Þrst week of life, but not thereafter. Feeding occurred mainly just after the lights were turned off but also just after lights were turned on, and this time preference also waned by the second week of life. Daily mortality rates increased during adult life. These results are consistent with other studies on adult mortality, and suggest that feeding on sugar may be beneÞcial for adults only when their life expectancy exceeds 4 d.
FEEDING BY THE adult European corn borer, Ostrinia nubilalis (Hü bner), an economically important insect pest of corn, Zea mays L., could inßuence its population dynamics. Several studies demonstrated that drinking water extended adult longevity and fecundity (Schurr and Holdaway 1966 , Kira et al. 1969 , DeRozari et al. 1977 , and more recent results showed that sugar feeding by adults also increases adult longevity and fecundity (Miller 1988, Leahy and Andow 1994) . However, these latter studies focused primarily on fecundity and longevity patterns and did not evaluate the temporal pattern of adult mortality. Here I describe the diurnal pattern of adults feeding on water and sugar in the laboratory and how such feeding may affect the age-speciÞc mortality and life expectancy of these adults.
Materials and Methods
Experimental insects were reared at the University of Minnesota on a wheat germ diet (Reed et al. 1972) at 27ЊC, 65% RH, and constant light, with an initial larval density of 900 individuals per 600 g diet. Adults were fed an adult sugar diet (Leahy and Andow 1994) that consisted of 710 ml of distilled water, 10 g of agar, and 280 g of sucrose.
Adult Feeding Behavior. Adults that emerged within 24 h of each other were placed in one of Þve oviposition cages at Ϸ150 individuals per cage. Each cage was provided four blocks (8 by 8 by 0.75 cm) of the adult sugar diet, which was changed every 7 d, and free water on a moist 25-cm 2 paper towel attached to one wall of the cage, which was moistened daily. The cages were maintained at 27:18ЊC, 80% RH, and a photoperiod of 16:8 (L:D) h. Adult feeding behavior was observed 11 times each day for 15 consecutive days. Observations were scheduled as indicated in Fig.  1 because preliminary observations on three other cages of adults on a continuous 24 h observation cycle indicated that very little (Ͻ5%) feeding on either water or sugar occurred when the lights were on. The numbers of individuals feeding on diet and water were recorded at each observation time. When the lights were off, a ßashlight with a red Þlter was used to minimize disturbance. Adult feeding on diet or water was measured as the proportion of live adults.
The number of dead individuals in each cage was recorded daily at the Þrst observation time in Fig. 1 . The dead individuals were not removed from their cages until the experiment was completed. Because the surface area of the cage bottom was so large (54 by 24 cm), the counting of dead individuals could be completed accurately. In addition to these cages, where adults were supplied both water and sugar diet, we also established a single cage where adults were supplied only water to obtain comparative mortality rates. Because Leahy and Andow (1994) have already demonstrated that mortality rates are lower for adults feeding on sucrose, data from this single cage were not included in any of the data analyses. Mortality of Ϸ750 adults was measured for the sugar plus water treatments and mortality of Ϸ75 adults was measured for the water only treatment.
Statistical analysis was conducted using PC-SAS (SAS Institute 1996). The proportions of adults feeding on water or sucrose were arcsine-square-root transformed and analyzed by analysis of variance (ANOVA). The statistical model was a hierarchically nested model with three factors and replication. Food type was nested within time of observation, which was nested within day of observation, which was nested within replicate cage, using data from days 1 to 14. There was almost no feeding activity on the last 2 d of the 15-d observation period. This results in several error terms for testing signiÞcance at each level of the statistical hierarchy.
Adult mortality was calculated as the number of adults dying in the previous 24 h (d x ) divided by the number alive at the beginning of that 24 h period (l x ), giving age-speciÞc mortality q x ϭ d x /l x . Life expectancy at age x (e x ) was calculated from the actual life span data as the average life span of all the individuals alive at age x, minus x. Mortality data were analyzed only for the cages with sugar diet because the cage with water only was not directly comparable. Adult mortality was analyzed with age nested within cage, starting with day 5 (before this there was no observed mortality in any of the cages). The next 12 d of mortality data were included in the analysis after which the population had declined to Ͻ10 adults per cage (Ͻ50 adults total). The longest-lived adult lived 23 d from eclosion.
Results and Discussion
Diurnal Pattern of Adult Feeding. The interaction between food type, time of observation and day of observation was signiÞcant (Table 1) . During the Þrst week of adult life, feeding on the sucrose diet occurred immediately after the lights were turned off and secondarily after the lights were turned on (Fig. 2) . During this week, a greater proportion of adults fed on sucrose than water. Feeding on water occurred predominantly just after lights were turned on (Fig. 2) . During the second week of adult life, there was no marked preference for feeding on the sucrose diet, and feeding rates had dropped off to relatively low values (Fig. 2 ). In particular, the feeding bouts just after lights went out disappeared and feeding was slightly concentrated to the time just after the lights were turned on. These results suggest that younger adults feed just after sunset, preferring sugar sources, and feed on water and sugar secondarily just after sunrise. They support and expand on the DeRozari et al. (1977) observation that the peak of adult feeding occurs after sunset. An additional implication is that feeding by young adults may occur before or during oviposition, because peak oviposition in the Þeld occurs during the hours after sunset (Schurr and Holdaway 1966) . Older adults feed less, show no preference for sugar or water, feed throughout the diurnal cycle, and slightly concentrate feeding just after sunrise. Perhaps older adults have little use for sugars.
Adult Mortality. Adult mortality rates changed signiÞcantly with adult age (Table 2) , increasing with adult age (Fig. 3) . On day 5, adults provided sugar and water started to die and mortality reached Ϸ10% by day 8 and increasing to nearly 30% by day 13. All adults were dead by day 24. These results support a broad pattern of increased mortality rate with age that has been observed in numerous organisms , Carey 2001 , including species of Diptera and Hymenoptera, and reinforces the observation that Fig. 1 . Diurnal observation schedule for observing adult feeding behavior: photophase is designated by the light line and scotophase is designated by the heavy line. Sample times are as follows: 1 ϭ 4 h before lights-off; 2 ϭ 15 m before lights-off; 3 ϭ 15 m after lights-off; 4 ϭ 45 m after lights-off; 5 ϭ 1 h 15 m after lights-off; 6 ϭ 3 h 15 m after lights-off; 7 ϭ 5 h 15 m after lights-off; 8 ϭ 7 h 15 m after lights-off; 9 ϭ 7 h 45 m after lights-off; 10 ϭ 15 m after lights-on; 11 ϭ 45 m after lights-on. Fig. 2 . Diurnal and ontological changes in feeding behavior of adults on sugar and water. The abscissa is given in units of hours, and each major division is a 4-h period. The breaks in the abscissa correspond to 12-h periods during the photophase when no data were taken. The heavy abscissa bar is the scotophase, and the light abscissa line is the photophase.
sugar feeding is beneÞcial for adults (Miller 1988, Leahy and Andow 1994) . The number of adults in the initial cohort, however, was insufÞcient to determine if age-speciÞc mortality would drop for the oldest aged cohorts, as has been observed for other insects , Carey 2001 .
The sugar feeding preference disappeared around day 8, a full 6 d before half of the adults were dead. Adults alive at the beginning of day 8 had a life expectancy of less than 4 d (Fig. 3) . Feeding on sugar may decline because the life expectancy at this age was so short and most oviposition had already occurred (Leahy and Andow 1994) that an individual would be unlikely to use the sugars acquired by feeding to improve its Þtness. Alternatively, the population may have been composed of a heterogeneous mixture of individual frailties , where the frailer individuals were more likely to feed on sugars. Interactions between adult feeding behavior and mortality schedules ) will require additional investigation. Fig. 3 . Daily age-speciÞc mortality of adults fed sugar and water or water alone. The water alone line is shown for comparative purposes, and is not included in the analysis.
